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PREFACE. 



Having had the control of the manufacture of about 3500 
nautical miles of Telegraph Cables, made mostly with 
Hooper's Core, but also with Core of ordinary Gutta-percha 
and of Willoughby Smith's Gutta-percha, I have had 
frequent opportunities of ascertaining the correctness of the 
data named in this book. 

I do not expect an Electrician will discover anything new 
in these pages, but if he should find this Guide a useful 
one to put in the hands of young men, who have to learn 
practical testing, I shall feel satisfied in having published it. 

V.H. 

London, August, 1873. 
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C ELECTEIC TESTING OF TELEGEAPH CABLES. 



1. ELECTKIG TESTS. 



' The electric Testing employed during the fabrication ( 
Cables (or Cores) ascertains the following points : 

A. The Condactivity of the Copper, 

IE. The Charge of the Cable. 
C. The Insulation of the Cable. 
D. The Insulation of a Joint, 
E. The Situation and Greatness of a Fault. 



2. COMMON DEGBEE OP HEAT. 

As the heat has an essential influence on the electric ' 
condition of a Cable by diminishing the conductirity of 1 
the Copper and the insulation of the Cable, aU the results i 
■ obtained by the tests ought to be transferred by calculation ' 
to the same degree of heat. For this purpose a commi 
degree of 75° Fahrenheit (c 24° Celsius) has been chosen. 

3. nOTEESING mTDEE WATER. 
As the air is a less good electric conductor than water, 

and as the greatness of the charge depends on how the 
electricity in the Copper influences the water outside the 
insulation, the Cable has during the determination of its 
charge and its insulation always to remain immersed. vtfsAfst> I 



tiA 



2 ELECTRIC TE8T1NO OP TELEOEAPH CABLES. 

water, which water muBt be in electric connection to Eart^ 
\ for inBtance, through an iron tank. 

4. DISCHAHGING BEFORE TESTING. 

When a Cable has to be tested, it ought to he discharged, 

hy connecting it to earth during some hours before the teat. 

5. APPABATtJSES. 

For electric tests the following Apparatuses are principally 
used; 

Batteries (B) up to 500 elements. 

Thomson's Reflecting Galvanometer (G) with Shunt (Sh). 
Condenser (Cd). ^m i 

Beveraing Battery-keys (B.K). ^^H 

Short-circuit Keys (S.E). ^H 

Charge and Discharge Keys (D.K). ^^H 

Commutators (Cm). ^^H 

Wheatstone's Bridge (W.B.) with Shunt (Sh). ^H 

^^H JBegiBtauce-coil (R). ^^| 

^^B 6- THE USE OF A SHUNT. ^H 

^^^^ Shunt is generally used together with a G-alvanomet^ 
and connected to it in such & way that only a part of the 
electric current passes through the Galvanometer, while the 
rest passes through the Shunt. An appropriate Shunt must 
be used in order that the deflection of the Galvanometer may 
not be too large. The resistance of the Shunt diminishes as 
the length of the Cable or the sensibility of the Galvano- 
meter in creases. 



, where 
J the resistance of the 
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Galvanometer, Should, for iiistauce, s be = 1, and g = 

1+99 1 

V will be = - T^ = 100; then only ^7777 P^^ of the 

whole current will pass through the Galvanometer, and the \ 
current will therefore be 100 times greater than is indicated 
by the deflection of the Galvanometer. 

Should it be desired to give the Shunt a certain power, its | 
freaistamxe s can be found from the previous equation, as a I 

V- 1 

[ When a current passes a Galvanometer with the resistance j 
\^, and a Shunt with the resistance s, the t(^al restatance of ] 



jthe insulation it is not thought necessary to take notice of ' 
! these two resistances. 

7. ELECTRIC UNITS. 

The Unit of Resistance is ; 

1 Ohm = 1 British Association Unit = 1 BAJJ. = 10 1 
Million Units of resistance, or ; 

1 Siemens' Unit = 1 S.E., the resistance of a prism of j 
mercury, 1 meter long, and 1 d millimeter in section at 0°0. 

10hm=l-070S.E. 

ISJl. = -935 Ohm. 
. 1 Megohm = 1 Million Ohms. 

The Unit of Tension is = 1 Volt = 100000 Units of Tension. 

The Unit of QuantUif = 1 Weber. 

The Unit of Charge is = 1 Microfarad = 1 Millionth part 
Farad. 



ELECTBIC TESTING OF TELEGRAPH CABLES. 

8. THE OEDEK OF THE TESTS. 

The Tests are beat taken in the following order: 

Keaistance of the Galvanometer. 
Conductivity of the Copper, 
Charge of the Leading wires. 

„ of the Cable after 1 minute's Insiilation. 

„ „ by instantaneous Discharge, 

Constant e of the Condenser. I 

Constant n of the Battery. j 

Constant of tlie Galvanometer. 
Insulation of the Leading wires. 
Insulation of the Cable. 



A.— THE CONDUCTIVITY OF THE COPPER 
S. EXPLANATIOTI OF THE METHOD. 

In the electric tost witli the Cable, the positive correBt 
from the Copper (0, Fig. 1) in the Battery (B) is generallj 
led t« Earth (E), The negative current from the Zinc (Z) 
is led through a wire (W) t« Whcatstone'a Bridge (W.E,), and 
divides itself at a into two parts, whereof the one goes through 
ah,b c, and the Cable (Ca) to Earth, whilst the other g( 
through ac,cb, and the Resistance-coil (R) to Earth. It 
clear that the cunnection to Earth can be omitted, and O 
directly connected with d. 

By removing the plug e, the two opposite currents from l to 
find from c to h pass throug\i the Galvanometer (G) with 
Shunt (Sh). There will be no deflection on the Galvanometer 
if the currents have the same strength, which they have, if 



L 



the resiatanco in a i : the refiistancQ in oc = the resistance ii 
the rosistar'"- -" '^a. 
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— = 7;^ , or when Ca = — ;■ E = R'. 

ae Cu ab 

By a e = a &, Ca IB = B ; but the proportion between the 
resistance a c and a h can be varied from -y^^ to :rT^. , and 

this proportion is named Baiio of halanee. 

The Eesistance E is now to be varied until the beam of 1 
light from the Galvanometer covers the zero on the Ecale; 
It will perhaps be found that the beam of light moves to the 
left in dimmishing It, that is by inserting a plug into the 
Eesistance-coil. It must be carefully attended to, that the 
plugs in the Eesietance-coil are clean. 

When a paid out Cable is affected by earth-currents, it is 
becessary to test alternately with the Zinc-pole and the 
Dopper-pole, and take the mean of the tests. 

I 

10. PEACTICAL EXECUTION OF THE TEST. 

For the test are used the apparatuses indicated in Fig. 2. 

The Copper-pole (0) of the BaUery (B) is, by hfting g, 

nnnected, through i and I in the Key B.K, to the screw m in 

3 Eesistance-coil (E) ; the Zinc-pole (Z) is connected, by 

depressing/, through h and Tc in the Key B.K, to the screw a in 

Vheatstone's Bridge. The Battery has from 4 to 10 elements. 

The two ends n and o of the halanee are directly connected 

Ivith the bridge de oi the Galvanometer. Batia of halanee is 

^nerally at the testing of the Core and of the Leading wires 

= -TTT-) of the Cable = -zrr;^ , and of the Galvanometer 

1000 
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The one end of the Cable is connected to m, the other 
to n. 

When / ia depressed the current goea through the Cahle 
and the Resistance R, which is varied until there is no defleo 
tion on the Galvanometer. 

The resistance in the Cable is now calculated by aid of the 
numbers for the ratio of balance and for the indicated 
Resistance (R). 

The resistance in the Leading wires is found in the same 
way as the resistance in the Cable, by removing the Cable, 
and only fixing the Leading wires between m and n. 

11. CALCULATION OF THE CONDUCTIVITT. 

Should the real resistance of the Cnhle and Leading wires 
be = R', and the real resistance of the Leading wires = h, the 
Resistance Ra of the Cable only will be = R' — L. 

An Ohm is used as the unit of resistance. Should, there- 
fore, the Resistance R^ have been determined in Siemens' 
Units, it mil, when expressed in Ohms, he : K^ x ■ 935. 

Shoold the length of the Cable be = / knots (nautical 
miles), the resistance per knot will be : 
R. X -935 
I 
As the resistance of the copper increases -21 per cent., or 
•0021 for every degree Fahrenheit the temperature rises, if 
the test is made at a temperature i, the resistance at 75" E. 
mil be : 

E.(l+-0021C75°-i))-935 
I 
Should the Resistance B^ have been found at 85°, the 
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reeistanee at 75° will be: Hj (1 - 021) = -979 Ej (aee 

Table I.). 

As a wire of pure copper with the length of 1 knot and the 

weight of lib. has at 75° F. a resistance of 1192 "33 Ohms, a 

wire with the weight of P lbs. per knot will have a resistance 

1192'33 
of — p — ■ Ohms. The Core of the China-Japan Cable, with 

a weight of 300 lbs. copper per knot, would therefore have a 

1192 '33 
reBistance= — ^-rrr — = 3 ■ 9744 Ohms, if it were of pure copper. 

The conductivity of the copper conductor of this Cable, 
expressed in a percentage of the conductivity of pure copper, 
or the specific conductivity of the conductor, ia therefore ; fl 

- 3-97^ X IQOx I 
*"B,(l+-00ai(75-i))"J35" 

Generally several Cables are tested at the same time, and 
the calculation ia then facilitaied by the use of lofforithms, 
which are best taken in the following order : 
log. !C = - log. E, - log. ■ 935 - log. (1 -I- ■ 0021 (75-^) ) 4- log. I . 
+ log. 3-9741 + log. 100. m 

12. THE EESISTANOE OF THE GALVANOMBTEB. 

The resistance of the Galvanometer, used at the testing of 
the charge and the insulation of the Cable, has to be found 
in the same way as the resistance of the Cable, by placing 
the Galvanometer instead of the Cable between m and n 

(Fig. 2} ; the ratio of balance ufled is = ^7™ - 

If only one Galvanometei caQ be had for the testiii^,^ 
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resistance can be fouud as follows: — The resistaaee 
Galvanometer at a certain degree F, being always exacUy 
given by the manufacturer of the Galvanometer, its redat- 
ance at the existent temperature, read on a thermometer, 
fixed on the Galvanometer, is calculated by the resistance in 
its copper wires which increases • 0021 for every degree F. 
the temperature rises. A Table for the resistances between 
40° and 75° F. ought to be calculated for each Galvanometer, 
and its correctness ascertained by comparing these resisfauces 
with those obtained in the ordinary way by using a second 
Galvanometer. 

If the resistance of the Galvanometer at 6^ F. is 101 
Ohms, its resistance at 65° F. wiU be : 



D (1 -|- -0021 X 5) = 10711 Ohms. 



i^|a 



13. THE EESISTANCE OF THE BATTEET. 
To find the Eesistance of a Battery connect its Copper-poli 
C (Fig, 2) to Earth, and its Zinc-pole with the button e of 
the Galvanometer. Connect the two buttons, e and d, of 
the Galvanometer by a copper wire of small resistance, and 
put d to Earth. By depressing / the current passes throagh 
the shunted Galvanometer to Earth, and a certain deflection 
« is found on the scale. Then is put between the Zinc-pole 
and the Galvanometer a Eesistance E so great, that the 

deflection is only = ^ , and B is = the resistance of the 

battery. 

With a Daniell's battery of 140 Cells and a Galvanometer i 
with a resistance of 10700 Ohma a copper wire with a re- . 
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ffiBtance of '2 Ohm was used and a deflection of 120° vaA I 
feund. By placing into the current a resistance of 3500 I 
'Ohms, there was found a deflection of 60°, and the resist- 1 

Fee of the battery was then 3500 Ohms, or 25 Ohms per I 
U. 

14. THE EE8ISTANCE OF TECE EABTH. 

To find the resistance of the Earth one Cell is connected ' 
,l)y its Copper-pole to Earth, and by its Zinc-polo through a 
"great reaistance and the Galvanometer to Earth ; a certain 
!deflection is then found on the GJalvanometfir scale. The 
two wires, one from the Copper-pole and the other from the 
Galvanometer, are then connected together, instead of being 
both led to Earth, and the deSection has to be the same a 
before, if the Earth-plates are in good order. Should thia- j 
lost-read deflection be greater than the first one, the Earth u | 
fenlty ; and as this often arises from the Earth being dry, . 
this fault may often be prevented only by keeping the Earth. I 
•drenched. 

■ 15. EXAMPLES. 

F Tlgturpr.iii 1, 

Length of the Core = 5 knots. 

Temperature = 70° F. 

I Number of elements in the Battery. , = 4. 

Eatio of balance 



1000 
10 ' 



The following columns are daily to befiUedupinajriwnaZ'i 
ciphers, yhich incolomns No, 1 and 2 wb ^«b^'-^ 
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Nob. 3, 4 and 9 are read on the Eeaistance-box, and in Nos. 
5 to 8 are to be calculated. 



Length 
ofCoi-e 
in kDOts. 


pera- 


Indicated 

RflBUt- 

Leading 


IndJcated 
Resigtance 
of Core and 


Real Re- 
aistanca 
of Core. 


Resist- 
75°?. 


Resist- 
ante per 

75° F. 


Specific 

Condnc- 

tirity. 

■ 


Resial' 

Tano- 
meWr. 


1 


a 


3 


4 


6 


e 


7 


8 


9 


5-000 


70= 


130 


2244 


21-14 


21-36 


4-272 


93-03 


5850 



The real resiatimce of the Core is : the resistance of the 
Core and Leading wiree, minns the reaistance of the Leading 
wires, divided by ratio of balance, or : 



2244 - 130 
1000 



= 21-14 Ohi 



Ah the test has been taken at a temperature of 70° F. 
the reaistance of 75° F. will be : 

21-14 (1-1- -0021 5< 5) = 21-36 Ohms. 

As the length of the Core is 5 knots, the resistance per 
knot at 75° is : 

^i;^^ 4-272 Ohms. 



As the resistance of pure Copper with a weight of 300 lbs. 
per knot ia only 3 ■ 9744, the specific conductivity of the Copper 
conductor will be : 

3-9744 X 100 



4-272 



= 93-03. 
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The conductiyity is calculated by the use of logarithim as 
follows : 

log. a? = - log. 21 • 14 - log. 1 • 0105+log. S+log. 8 • 9744+log. 100, 
or log. 21 -U = 1-8251050 
log. 1-0105 =0-0046363 

1-3296413 

log. 6 =0-6989700 



log. 3-9744 =0-5992716 
log. 100 =2-0000000 



8-2982416 



log. a; = 1 - 9686003 
X =93-03 



Example 2. 

Length of the Cable 

Temperature 

Number of elements . . 



• • . . 



Batio of balance 



The following results will be found : 



100 knots. 
70^ F. 
6. 

1000 
100' 



Length 
of 
Cable 

in 
knots. 


Tem- 
pera- 
ture. 


Indicated 
Resist- 
ance of 
Leading 
Wires. 


Indicated 

Resistance 

of Cable and 

Leading 

Wires. 


Real 
Resist- 
ance of 
Cable. 


Resist- 
ance at 
75° F. 


Resist- 
ance 
per knot 
at75°F. 


Specific 
Conduc- 
tivity. 


Resist- 
ance 
of Gal- 
vano- 
meter. 


1 


2 


3 


4 


6 


6 


7 


8 


9 


100 


IQP 


81-3 


4260-3 


422-9 


427-8 


4-273 


93-00 


5955 
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B.— THE CHARGE OF THE CABLE. 



IC. PHACTICAL EXECUTION OF THE TEST. 
The arrangements of the apparatus are indicated in 
Kg. 3. 

The Copper-pole C of the Battery B is connected through 
the Key B.K to Earth, and the Zinc-pole Z is connected 
through the Key B.K to the screw a of the Discharge-key 
D.K. 

The screw s of the Charge or Discharge-bey D.K being 
connected to the Zinc-pole, the screw t is connected through 
the Galvanometer with Shunt to Earth, and the screw u is 
connected through the plug p of the Commutator Cm with 
one end of the Cable, 

The other end of the GdUe is well isolated. 

The end screws m and n of the 8knni Sh are connected to 
the screws e and d in the bridge of the Galvanometer. When 
a Battery has 10 elements, a Shunt has been used at the 
Cable, which Shunt varied from 200 to 10, as the length of 
the Cable increased from 10 to 200, the Shunt multiplied by 
the length or the Charge of the Cable always giving the same 
number. A Shunt of 2000 has been used at a Condenser, 
which had a charge of '50 Microfarad; the Shunt of 2000 
multiplied by the Charge '50 is here = 1000. 

When the Cable has been charged for one minute by de- 
pressing the button q of the Discharge-key, q is released 
and r depressed, and the Cable wiil be discharged through 
the Galvanometer with Shunt to EarttL 

800° to the right of zero may be taken as the starting 
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point, so as to be able to hare as great a deflection on tbe 
scale of the Galvanonieter as possible, and the deflections are 
then read to the left. 

17. CONSTANT c OP THE CONDENSER. 

At the determination of the charge a Condenser is used, 
the fnll charge of which has a certaiu given size ; in the 
Core factory the charge of th« Condenser was ■ 319 Micro- 
farad, in the Cable factory it whs 'SU Microfarad. 

When the charge of the Condenser is to be measured, the 
Condenser, instead of the Cable, ia brought into the current 
{Fig. 3) by removing the plug p to j)'. The one end of the 
Condenser ia joined through the plug _p' in the Commutator 
Cm, and through it and s in the Discharge-key to the Zinc- 
pole; its other end to Earth. The Condenser is charged in 
1 minute by depressing j ; it Is thereon discharged instan- 
taneously through tbe GalvoJiometer with Shunt, by re- 
leasing q and depreasiug r. In the reading on tlie scale of 
the Galvanometer of the deflection U^, which generally is 
put = Constant c, a Shunt must be used of such a size, that 
the deflection fiom the Condenser will be found on about the 
same point of the scale as the deflection from the Cable. 

18. CALCULATION OF THE CHAEGE. 

The Cdhh (including tbe Leading wires) is charged in 
1 minute, then isolated in 1 minute, by releasing j; the 
Cable is then discharged by depressing r ; tbe cbarge passes 
tbrongh the Galvanometer to Earth, and on the scale of the 
Galvanometer a deflection U will be obtained. 

The Cable is then charged in 1 minute and iniiantly dia- 
ckarged, whereby a deflection U' is obtained. 
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The percentage of loss of charge in the Cable in 1 miu 
is then : 



U' 



■ X 100. 



The Leading wire, when charged in 1 minute and then 
discharged instantly, gives a deflection = m, and tlie charge 
after 1 minute of the Cable alone is then expressed by : 



tl'- 



= U,. 



The Condenser, when charged in 1 minute and instantly 
discharged, gives a deflection Uj, which is generally named 
Constant c. 

At Cables of short lengths, as at Leading wires and at 
Condenser, it may be sufScient to charge for 15 seconds 
instead of 1 miEUte. 

If the Condenser has an inductive capacity C, then the 
specijia induetive capacity x of the Cable is expressed by : 

Defleotion Us Deflection U^ ^^ 

Ind. Cap. " Ind. CapTV ' *"■ '■ ^H 



When a Shunt has been used at the Cable with a resistance 

8, and thus has a multiplying power v = , where g is 

the resistance of the Galvanometer, and when a Shunt has 
been used at the Condenser witli a resistance s', and thus has 



, the deflection e 



i to be 



a multiplying power i/ = 

multiplied with v' and divided by v, and thus will be found : 
TJ, X C XI, X " X C 
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As the inductive capacity of a Cable is directly propor- 
tionate to its length, the inductive capaeity per knot, when the 
Gable has a length Z, will be : 



X = 



ex v' X I 



Should loffarithms be used, the formula will be : 

log. X = log. C + log. V + log. U, — log. c — log. f/ — log. I. 



19. EXAMPLES. 

Example 1. 

Length of Core = 5 knots. 

Number of elements = 20. 

Inductive capacity of the Condenser = 'SIO Microfarad. 

Shunt of the Core = 100 Ohms. 

Shunt of the Condenser = 500 Ohms. 

Besistance of the Galvanometer = 5850 Ohms. 

Deflection by discharge of the Leading wires = 2. 

The following columns are daily to be filled up in a 
Jetjbmdl: 



Shuat 
at the 
Core. 


Deflection 
after 1"» 
Charge 
and 1"* In- 
solation. 


Deflection 
after 1"^ 
Charge. 


Percent- 
age of 
Loss of 
Charge. 


Shunt 
at the 
Con- 
denser. 


Deflection 

from 
Condenser 

= c. 


Total 
Charge. 


Charge 

per 

Knot. 


1 


. 2 


3 


4 


5 


6 


7 


8 


100 


652° 


662° 


1-51 


500 


450° 


2-199 


•4398 
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The deflections 2, 3, and 6 are read to the left side of the 
scale with 300° to the right of zero as starting point. The 
deflections noted under 2 and 3 are the deflections from 
which, when read, are subtracted the deflection from tin 
Leading wires. 

The percentage of loss of charge is : 

662 - 652 



662 



X 100 = 1-51. 



As the Shunt of the Core has a multiplying powei 
V = z-rrrr — = 59 ' 50, aud the Shunt of the Condensei 

IX- 1 • / 500 + 5850 .o rr/v XI. :. J 

a multiplying power v = ^tt: — = 12*70, the reduced 

12*70 
deflection of the Condenser is = 450 x -^tt-^k = 96-05. 

59 '60 

The whole charge of the Core is found by 

'319 ^ _^_ 
96-05 " 662 

-319 X 662 _ 
"^ "" 96-05 " ^ ^^^• 

The charge per knot of the core is : 

?4^ = -4398. 
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When hgarUhms are used there will be found : 

log. X = log. • 319 + log. 69 • 50 + log. 662 - log. 450 - log. 12 • 70 

log. 5. 
log. -319 = 0-5037907 - 1 

\ log. 59-50 = 1-7745170 

log. 662 =2-8208580 

4-0991657 

log. 450 =2-6632125 



log. 12-70 =1-1038037 



3-7570162 



log. 2-199 = 0-3421495 
log. 6 =0-6989700 



log. X 

X 



= 0-6431795 - 1 
= 0-4398 



Example 2. 



Length of Cable . . 

Number of Elements 

Charge of the Condenser. 

Shunt of the Cable. . 

Shunt of the Condenser. . 

Eesistance of Galvanometer = 5955 Ohms. 

Deflection from the Leadiug wires = o. 



= 100 Knots. 

= 10. 

= -50 Microfarad. 

= 20 Ohms. 

= 2000 Ohms. 



Shunt 
a,t the 
Cable. 


Deflection 
after 1™ 
Charge 
and 1™ In- 
sulation. 


Deflection 
after 1^ 
Charge. 


Percent- 
age of 
Loss of 
Charge. 


Shunt 
at the 
Con- 
denser. 


Deflection 

from 
Condenser. 


Total 
Charge. 


Charge 

per 
Knot. 


1 


2 


3 


4 


6 


6 


7 


8 


20 


482° 


489° 


1-50 


2000 


418° 


44-0 


0-4400 



IS ELECTRIC TESTING OF TELEGEAPH CABLES. 

C— THE INSULATION OF THE CABLE. 
20. PRACTICAL EXECUTION OF THE TEST. 

The arrangement of the apparatuses is indicated in Fig, 4. 

The Copper-pole of the Baiiery is connected to Earth, and 
the Zinc-pole to the screw h of the Sho^t^!i^c^tt Key 8. K; 
the one end of the Cable is connected to the screw c of the 
Key S. K, whilst its other end is well isolated. 

When / ia depressed, the current from Z passes throngt 
the Short-circuit Key from 6 through c into the Cable, the 
other end of which is isolated, so that the current is obliged 
to pass through the insulation to Earth. In order that the 
strong current may not too violently affect the Galvanometer, 
the button ffl is not depreasDcI, and the Galvimometer thereby 
put into the current, until ^ minute after the current 
closed. When a is depressed, the current on arriving at I 
and e, on its way info the Cable, will divide into two parts, 
of which the one passes through the Shunt Sh, the otbra 
through the Galvanometer G, the deflection of which will 
give a measure of the strength of the current. The resistance 
which the current meets in the Dielectric so far surpasses all 
the other resistances in the line, that it is not necessary to 
take notice of the latter. It ia therefore supposed that the 
deflection is in inverse proportion to the resistance of the 
Dielectric alone. 

If the insulation of a Core is very email, say undei' 
1,000,000 Ohms, it can be found in the same way aa the 
copper-resistance (Fig. 2), the Core being connected to the 
screw » of the Eesistance-bo^ ^uj|njn|^|mj^^othq 
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isolated, and not as at the test of copper-resistance con- 
nected to the screw m. The numbers for the ratio of balance 
multiplied with the Besistance B give the insulation of the 
Cable. 

21. OHM'S LAW. 

According to Ohm's Law : 

^, ^ XI i. ^1 X . The Electromotive force E 

the strength of the current is = rs — =-: 

° Kesistance x 

As the strength of the current is here measured by the 

deflection U of the Galvanometer, it will be found that 

XT B 

U = — , or : 

X 

E 
bhe resistance x of the Insulation = yr . 

As the greatness of E and U varies daily, E depending not 
>nly on the number, but on the strength of the elements, and 
U on the sensibility of the Galvanometer, these two factors 
nust daily be measured by reference to some unit. 

22. CONSTANT n OF THE BATTEEY. 

The. electromotive force of the Battery is measured by 
eference to the electromotive force of one single element, or 
)y the Consta/nt n. This is determined by bringing the 
condenser instead of the Cable (see Fig. 5) into the current 
)y removing the plug p to jp'. 

The Condenser is first charged during 1 minute by aid 
f 1 element through s and u in the Discharge-key by 
epressing q. The Condenser is thereon, by releasing q 
nd depressing r, discharged to Earth through h, the Gal- 
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vanometer and e to Earth; the deflection u is ikem 
read. The Condenser is again charged, but with the whole 
Battery, in removing the wire t; and binding the wire a; to 
the screw a, and for the discharge is now used a Shunt, which 
varies until the deflection is as before = u. If the Shunt 
has a resistance = s, and the Galvanometer a resistance = g, 

the multiplying power of the Shunt will be = — ^, which 

may be put = n, and the Battery will thus work with a 
strength of n elements. 

Instead of the variable Shunt is generally used a constant 
Hhunt, and the two discharges then give two difierent defleo- 

tUmn J u and u'. The Constant n is then = — . Should by 

ii ft Hhtint Vji have been used, then n is = -^ • 

u 

yri. OONHTANT ^ OF THE GALVANOMETEB. 

TI»M »i^tiNlhlliiy of the Galvanometer, which is indicated by 
illM {\m^h%^\^ f^i Im doturniined as follows: only 1 element is 
HKMil HN llwHtivy (Ntia Fig, 6); the one end'of a Kesistance- 
mmII nf lllltIM) KW, In mmneotod to the element; its other end 
Iff MHHfiMnlMfl tlntiugh th^ Key S.K and the Galvanometer 
\\\ MiMllii \\ Nhuiit with nmiiiU^noe a' and multiplying power «' 
IM »»nim1: WiMiM H diirtiiotiiiu ^ has thus been obtained, there 
^lll lio \\\\\\\\\ Miuuinliug \\\ 0)uu*s Law : 

^ \ elaweni 

'' * ' lUOOO >r986 ^^- 
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iy If a snfficiently great Eeeisfance-coil, say of 2,000,000 Ohnus, 
attainable, then the constant "^ of the Galvanometer may 
determined by using the whole Battery of, say, 200 cells, 
lia facilitates the test, as it is now not any longer necessary 
determine the constant of the Battery, namely the strength 
the Battery compared to the strength of the one cell, which 
tas used before at this test. 
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I The current is first led only into the Leading wires, which 
lire not yet connect«d to the Cable. After J minute the plug 
if the Galvanometer is removed, and after another ^ minute 
^ deflection, say u', is read. If the deflection after 1 minute 
from Gable and Leading wires is U, then the deflection from 
Qie Cable only will be : 



If a Shunt s with a multiplying power v has been used, 
(hen the deflection U' has to he multiplied with v, and v U' 
)b then a measure for the Insulation. The greatness 3 of the 

.unt is in inverse proportion to the length of the Cable. 

The Shiint has, as the Galvanometer, always to be well 

tlated. 

It has to be observed that the deflection is taken on the 
fame side of the zero on the scale, and, if possible, at the 
feme point of the scale as the deflection U' from the Cable. 
I When these two deflections are compared, we obtain : 



1 

I 



k. 



«U' ^ 



10000 X -935 ■ 
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Oft tl^e rosiatauce m of the Insulation is 

_ nx 9' X 4^X 10000 X -985 



I 



If tl^e Oalvanomoter has a very slight sensibtlUfff the CoDr 
atant ^ can bo (letexuumHl by the whole Battery, that is tol*^' 
Biiy, by n olements, and should a Shunt be used with the 
multiplying iH)\ver v^ thero will be found : 

, n «• X «/^X 10000 X -985 

•^ *= 10000 X •m''^*^ ^U' 

As this equation is independent of n, it is in this case 
unnoooss4\ry to determine or, that is to say, unnecessary to 
know the strength of the Battery. 

As the Insulation is in inverse proportion to the length d 
tlio Gable, which can be put = I knots, the Insulation per 
knot will be 

nxv* X ^X 10000 X -935 x I 

The resistance of the Insulation diminishes as the tempenk- 
iu/ire increases, and if the resistance oj Z is measured at, fo 
instance, t degrees under or over 75^ F., the resistance 

xl 

calculated at 75® F. will, at Hooper's Core, be ^ .qq^^ , or al 

X 1 • 026 * (see Table II.). This number with which it has 
been necessary to divide or multiply the result, so as to 
transfer it from one temperature to another, is named the 
Ooeffieient of the Temperaiwe, When therefore the Insulation 
has been measured at t degrees imder 75°, the Insulation per 
knot at 75° will be 
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_ n X t^ X <^ X 10000 X -935 x I 
»xU'xl026« 

Tlie resistance at 75° F. for Gutta-percha will be found by 
using in the formula, instead of 1 ' 026^ at Hooper's Gore, 
about I'OTff at ordinary Gutta-percha (see Table HL), and 
1 • 080* at Willoughby Smith's Gutta-percha (see Table IV.). 

When the temperalwre cannot be correctly measured by 
a thermometer, as for instance when the Cable is in a tank, 
sometimes full of water, sometimes without, or when it is 
paid out into the sea, the temperature of the Cable may be 
calculated by its existent copper-resistance, when its copper- 
resistance at 75° F. is known. 

Is the resistance of a Cable per knot at 75° F. known to 
be 4*25 Ohms, and the existent Besistance is 4 * 00, then the 
temperature of the Cable is found as follows : 

4-25 (1 - -0021 (75-<°)) = 4-00, 

4-25 - 4-00 
or 4.25 = -0021 (75-0, 

which giyes t = 47°. 

Should it be required to determine the Insulation after 2 
mifrntea* charge, the deflection is read after 2 minutes, and the 
calculation made just in the same way as above mentioned, 
where the deflection is determined after 1 minute. 

Should the calculation be made by logarithmSy the follow- 
ing formula is used : 

log. a = log. n + log. «' + log. «^ + log. 10000 + log. • 935 
- t log. 1-026 - log. t; - log. U' + log I. 
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25. INSULATION FOUND BY LOSS OF CHABGE. 

The light-beam on the scale of the Gialvanometer is often 
found very unsteady during the Insulation-test. This may 
be occasioned by the Battery being strongly polarized, or by 
the connection to Earth being- faulty, or by adjoining machines 
making the Test-table shake, or by Cables being coiled into 
tanks close to the Gable about to be tested, or in a laid 
Cable by earth-currents. This unsteady deflection is pa^ 
ticularly found with aii India-rubber Cable, and arises pos- 
sibly in part from the India-rubber reacting ao strongly 
against the electricity, that the charge which is sent into 
the Cable is quickly driven back again, and creates a deflec- 
tion on the scale in a direction opposite the direction of tiie 
principal deflections, while the chaise entering into Gutta- 
percha Cables is more easily imbibed by the Gutta-percha, 

Tor Cables with India-rubber it may therefore be advisable 
to certify the Insulation by also determining the loss of charge. 
If a Cable, charged by a Battery of 10 to 20 elements for 1 
minute, bolated for 1 minute = t and discharged, gives the 
deflection «', and a Cable, charged for 1 minute and then 
instantly discharged, gives a deflection «, then the charge will 
fall down to Italf charge in a time of i' minutes, which can 
be found by : i 

'_l!^Lil, 0-30103 
log. -^ log. ^ 

The EesistaTice of the Insulation fer knot in Megohms may 
L-443 X 60 X i' -4343 xQOxt 
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here C is the Charge in Kicrofarads per knot, and ( i 

fpressed in minutes. 

The Resistance found in this way will generally Ije higher 

lan it really is after 1 minute's Insulation, and agrees bettor 
rith the resistance of the 2" minute, which depends on the 
tbsorption of electricity by the dielectric, or the electrifica- 
ion of the Cable, until it is fully charged. 

Example. If the deflection falls in 1 minute from 100 to 
18 ■ 5, it will ba found : 

0-30103 

, 100 ~ 0^00655 ' 



; = 4G-. 



The Resistance of the Insulation at the existing tempera- 
tore is 

1-443x60x46 _,„ „ , 
= nrTR ~ o&o8 Megohms. 



26. INSULATION POnND BY THE ELECTROMETER. 
The Insulation of a Cable may also be foimd by the aid of 
ftn Eledrcmeter. A very thin flat aluminium needle : 
puspeuded between two plates, charged with electricity. If 
the needle has a negative charge, it will be repelled from the 
one plate, which is negative relative to the other plate, and 
the motion of the needle will be indicated by the motion of 
the spot of light, reflected by a mirror, attached to the needle ; 
'the deflection will be sensibly proportional to the difference 
"of charge in the two plates. 

The one pole of the Battery is to Earth, its other pole ia 
permanently connected with one plate of the Electrometer, 
and by a short contact of 15 seconds with the other plate, 
is in connection with the Cable. 'EVe Vho ■'^isXa^ «sa 
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therefore, wben the short contact is first broken, at the same 
potential or electromotive force ; but the potential of the 
plate connected with the Cable will fall, in consequence of 
tlie leakage through the dielectric of the Cable, while the 
potential of the other will remain unchanged and the spot of 
light will move from ita iirsfc undeflected position, 

Ab tlie deflection ought only to increase in a certain propo 
tion, the good condition of the Cable may be ascertained by 
observing the deflection every fifth or tenth minute. 

The Insulation I of a Cable is calculated by the following 
formula : 

, -4343 ( 



Clog.- 



where C is the charge in Microfarads, w the first observei 
deflection on the Electrometer scale, and «i tiie defleetioii 
after any time (, expressed in seconds. 

Example.— li the deflection after 1" 45" is 395, and after 
2" 15* is 391 -5, and the charge is = -44, then: 
•4343 X 30 



i 



■44 X I" 



I 7660 Megohms. 



'■391-5 

The Electrometer is supposed to have, compared with the 
Galvanometer, some advantages, when used by testing ahort 
coils of high resistance, or Cables in way of sheathing, while 
machinery is in motion, or by testing several Cables at the 
same time, specially when long tests of electrification are taken, 
or by testing a paid-out Cable affected by earth-currents. 
But if the Electrometer is damp, its indications are ineorreot, 
and as, in spite of every precautian, it is Btill difficult to 
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rom dampness, it is therefore not safe for the Insulation 
) of a Cable to depend only on an Electrometer. 

STEONG BATTEBTES WITH CHANGING OUBBENTS. 

t is desirable at the daily testing of the Core to have, for 

1 an hour before the testing, a Battery of 500 elements 
ti reversing current connected to the Core. The Insulaiion 
. is then to be taken by connecting the Core, first, for 5 
LUtes to the Zinc-pole of the Battery, reversing the current 

2 minutes, leaving the Gore to Earth until it is quite 
charged, and then connect it for 5 minutes to the Copper- 
3, noting down the deflection at every minute; the 
ections' obtained by the two currents ought to fall just in 
same proportion. 

he same operation is performed at the final test of a 
le, only the deflections are in this case noted down for 
ninutes, instead of 5 minutes. 

28. EXAMPLES. 
Example 1. 

Length of India-rubber Core = 5 knots. 

Temperature = 70° F. 

Number of elements (generally 250) here = 100. 

Eesistance of Galvanometet = 5850. 

Deflection from the Leading wires = 3. 

Shunt at Core = o ; v = oo . 

Shunt at Galvanometer =10 Ohms; v' = 586. 

Shunt at Battery = 100 Ohms ; Vg = 59*5. 

be following eight columns are to be filled up in a 
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journal; Nos. 1, 3, and 5 are given, Nos. 4 and 6 are read, 
and the others are calcalated. 



Shunt 

at 
Battery. 


Constant 

fi of 
Battery. 


Shunt 
at Gal- 
vano- 
meter. 


Constant 

^of 
Galvano- 
meter. 


Shunt 
at Core. 


Deflection 
after 1™. 


Total In- 
sulation 
at 75° 


Insola- 
tion per 
Knot 
at 75®. 


1 


2 


8 4 


6 


6 


7 


8 


100 


93-40 


10 


260° 





139° 


900 


4500 



If the deflection is with 1 element = 280° and mlh 
100 elements and a Shunt of 100 = 440°, then n is = 
59-5 X 440 



280 



= 93-40. 



The coefficient of the temperature, or 1 • 026^, is found in 
the Table II. = 1-137. 
Total Insulation at 75° = 

nxv'x<l>X 10000 93 • 40 X 586 x 260 x 10000 



V 



= 900 Megohm 



139x1-137 

Total Insulation per knot at 75° = 900 x 5 knots = 4500 

Megohms. 

If the calculation be made by logarithms, it will be found: 

log. X = log. n + log. v' + log. <!> + log. 10000 - log. 1 • 187 - 

log. TJ' -|- log* ^« 
log. 93-40 = 1-9703469 log. 1-137 = 0-0557605 
log. 586 • = 2 - 7678976 log. 139 = 2 • 1430148 

leg. 260 =2-4149733 

log. 10000 = 4 • 0000000 2 • 1987753 

11-1522178 

2-1987753 



log. 900 =8-9544425 
log. 5 =0-6989700 

log. 4^^^ 



p 



the insolation or the cable. 

Example 2. 
Length of India-rubber Cable = 100 knots. 

Temperature = 70^ F. 

Number of Elements . . . . = 100. 
Resistance of Galvanometer = 5955 Ohme. 

Slmnt at Cable = 3000 ; v = 2- 985. 

Shunt at Galvanometer , . = 50 ; v' = 120 ■ 1. 
Shunt at Battery =80; «a = 75'44. 



Shnat 
Batterj. 



97 X 120-1 !< 540 X 10000 x 100 ,„„ _, , 
'^ = 2^985^rT l2x 1-137 = ^^^^ ^^^ohms. 

EXAMPU! 3, 

Length of Guttarpercba Cable = 75 knots. 

Temperature = 60° F. 

Number of Elements . . . . = 200. 

Eesistance of Galvanometej = 10560. 

Shunt at Cable = 1500; u = 8-04. 

Shimt at Galvanometer . . = 70 ; j/ = 151 ■ 86. 

Shuut at Battery .. .. =42; Va = 25-24. 



Shunt 
Ba««7. 


CoDftflnt 
Battery. 


Shunt 

itGBl- 


Constant 
GaWano- 


Shunt 
at Cable. 


Deflection 
after 1». 


Total 
Insula- 
tion at 
75" F. 


! 

losulf 
tion per 
Knot 
at 75°. 


1 


S 


3 


4 


5 1 6 


7 


8 


42 


262-42 


70 


148° 


1500 1 390° 


6 


450 



252-42 X IBI'86 x 148 x 10000 X 75 



= 450 Megohms. 
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Example 4. 

Length of Gutta-percha Core = 2 knots. 

Temperature = 75° P. 

Number of Elements . . = 200. 

Eesistance of Galvanometer = 5620. 

Shunt at Core = 3000 ; v 

Shunt at Galvanometer . . = 20 ; 

Shunt at Battery . . . . = 33 ; 



t/ = 



t;o = 



2-873a 

282. 

171-30. 



Shunt 

at 

Battery. 



33 



Constant 

n of 
Battery. 



2 



171-30 



Shunt 
at Gal- 
vano- 
meter. 



3 



20 



Constant 

^of 
Galvano- 
meter. 



18ff 



Shunt 
at Core. 



3000 



Deflection 
after 1"». 



Total In- 
snlation 
at 75° 



6 



252° 



125 



Knot 
at 7?. 



8 



250 



X = 



171-30.282 .188 . 100 00.2 
252 . 2 - 8733 



= 250 Megohms. 



D.— THE INSULATION OF A JOINT. 

29. PEACTICAL EXECUTION. 

For this test, in addition to the before-named apparatus 
is used a well-insulated trough, 3 feet long, and full I 
water (see Fig. 7). The Joint, when it has become q4 
cool, and has been soaking in water for 3 hours, as well 
a copper-plate P connected to an isolated copper-wire, 
lowered into the trough. 



1 i 



The Battery is given the flame strength aa at the Insula- 
Hcm test, or 500 elements. 

It is necessary first to try the insulation of ike trough 

and Leading wires by loss in charge. By connecting 

P to M, and depressing q for 15 seconds, the plate P is 

charged from Z through the Key B. K and the wire x. The 

^late is inBtantaneonsly discharged by releasing q and 

depressing r, the discharge pa^ng through b, the Galvano- 

iiieter, and e to Earth. The trougli is again charged, kept 

feolated for 1 minute and discharged. If the loss of charge, 

■when the Leading wires are short, is more than 2 — 3 per 

cent., the trough is not well insulated, and its insulation must 

1» improved. 

A test should be taken to prove that ail connections are in 
order. The Joint J ia connected to k, and when / is de- 
pressed, the current from Z passes through B. K to the Joint, 
which is then charged; an induced current in the water of 
the trough is hereby produced, which current is taken up by 
the Plate P. After ^ minute r is depressed, whereby the 
Plat-e P is discharged through the Galvanometer to Earth. 

The Plate P is connected to s, the Condenser to u and y is 
depressed ; the Joint is connected to h, and / is depressed 
during 1 mimiie, in which time the Condenser becomes 
charged with that quantity of electricity, which passes the 
insulation. At the end of the 1 minute, q ia released and r 
depressed. The charge of the Condenser passes then through 
J, the Galvanometer and c to Earth, and the greatness of 
the charge ia determined by the deflection on the scale of the 
Galvanometer. 

If the Joint is thereupon instantly discharged to Earth by 
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releasing /, an induced current in the opposite directJon 
the first induced will be produced in the trougli, and m 
when P is connected to b, give the same deflection on ll 
Bcale of the Gahanometer as the first current, if all iii 
order. . I 



30. STAJSDAED FOB JOINTS. 

No more electricity is allowed to pass in a cei 
tluough a Joint to the Plate P, than would pass in 
time through a faultless core twice as long as the Joint, i 
feet long. The teat ought therefore first to be made 
6 feet of faultless core and then with the Joint. To sinipi 
the test it may however be agreed, that the charge recHi 
through the Joint, wliich has been connected to the 
during I minute, must not be larger than say ' 0O05 Microft 
or tAt part of the Charge of a Condenser, the charp 
which is ■ 5 Microfarad. If the full charge of a Conda 
through a Sbunt, with a multiplying power of 2000 gi' 
deflection «, the charge, which the Condenser has receii 
in 1 minute through the Joint, ought only to be so 
that when charged, it gives through a Shunt with a 
plying power of 2 a deflection not greater than u. 

The condenser must be entirely discharged when w 
testing Joints, and a special condenser ought therefore l> 
reserved for this use. 



THE SITUATION ASD OREATKESS OF A FAULT. 

E.— THE SITUATION AND GREATNESS , 

OF A FAULT. 

31. SIGNS or FATTLTS. 

Larger faults, as a break in the Conductor, or a hole in the 

India-mbber, are easily discovered, as there will be obtained 

B smaller charge or a smaller insulation than in the faultless 

Cable ; small faults are more difficult to ascertain, but it is 

to be presumed that they exist : 

When the Copper-reBislance at 75° P. is fonud to be lower in 

the Cable than it was before in the Core; 
"When the Charge diminishes ; 

"When the Loss of Cliarge of the Cable after 1 minute's 
charge and 1 minute's insulation increaaes, and is, for 
instance, at 60" F. with India-rnbber more than 3 per 
cent., and with G-utta-percha more than 15 per cent." 
of the original charge ; 
When at the Insulation test the fall of the deflection from 
the Ist to the 2nd minute is too small, and is, for in- 
stance, at 60'' F. with India-rubber less than 20 per 
cent., and with Gutta-perclia less than 4 per cent. 
If a fault is small, the best plan is to enlarge it by in- 
creasing the number of elements in the Battery as much as 
possible, say until 100 elements in a paid-out Cable, and 
until 1000 elements in a Cable in course of manufacture, 
changing the current, for instance, every 5th minute, until 
the fault is perfectly broken down. 

"When the Zinc-pole is connected with the Cable, the Con- 
ductor will be coafed with hydrogen and the iron wires with 
" See L. Clark and R. SEibine : ' Electiionl Tables and Formula," 1871, p. 121. 
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oxygen, and this polarization will create a current i 
Cable, 80 that the Cable disconnected from the Battery w: 
give a deflection on the Galvanometor-Bcale, eay to the rigl 
If the Copper-pole is connected with the Cable, the hydn^ 
on the Conductor will be reduced and replaced by oiyge 
while the iron wiree will be coated with hydrogen, and i 
Cable current will give a deflection in the opposite directi 
or to the left. There is a moment when these oppos 
actions of the hydrogen and the oxygen are apparent 
balanced, where the end of the wire is unpolarized and p 
bably uncoated, and then only can its correct resistance 
determined. The test is then quickly made, alternate 
with negative and positive currents, the mean of whicb 
taken. 

When the Ziuc-pole is connected with a broken Cable, ; 
copper-resistance ought to diminish as the Conductor g( 
de-oxydized ; but if it do not diminish in the first moms 
it may arise from the formation of hydrogen air-bubbles i 
the Conductor, increasing its resistance, and the cum 
must then be kept on until the resistance is lowering a 
finally rests almost unchanged. It is well in a broken Cal 
to connect the Zinc-pole to the Conductor for a certain tin 
say 12 hours, and then change the current every 5th mind 

As the strength of the Cable-current may be equal to ^ 
of about one Daniell's celJ, the larger the number oE ei 
used in testing the more accurate will be the result. 

The proper resistance of the fault will often be equal! 

the resistance of two or three miles of Core, so that the M 

distance to the fault is two or three miles leaa than tl| 

tahown by the teat. 



J 



THE SITUATION AND OBEATNESS OF A FAULT. 



TEST FEOM BOTH ENDS OF THE CABLE. 



The test can be taken from both ends of the Cable, when 
nhe Cable is in cotitse of fabrication, or when the fault is so 
Esmall, that it is possible to work tliroiigh the Cable, or when 
Ithere are two telegraph lines between two stations, Thia 
'(beet, or the hop ied, is independent of the resistance in the ■! 
^alt, and has always to be used where possible. 

The Cable, in which it is presumed a fault at p (Fig. 8) ie 
leveloped during the fabrication, is connected with its ends 
jo mi and n in ench a way, that the fault is nearest to m, and 
ihus nearest to the resistance-coil R. 

The wire to Earth, which is generally connected to the 
point m of the Wheatstone Bridge, is removed, as the current 
[o Earth is here supposed to pass through the fault,. 
The ScUiery is given as many elements as possible. 
Baiio of balance is to be varied until the proportion is 
Eound, by which the situation of the fault is determined with 
the greatest accuracy. 

The copper-resistance E in the faultless Cable is supposed 
to be known from earlier tests ; the length of the Cable is I, 
When the fault has shown itself, the resistance of the greater 
Jength np is put = y, the resistance of the smaller length 
Ittj) = z, and the resistance in the fault = q. The resistance 
B has now to be decreased to R' to make the needle of the 
Galvanometer stand on zero. 
Then there is given: 



1 



I 



9+" = E 
'- R' + x + q,or>j = 



he M 
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Thus will be found : 

R-R' 

z = - 



2 

The distance x of the fault from m is then found from Ae 

equation : 

R I »l 

— = — , or » = ^« 



ii 






^ 



a 
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Example. 

Length of the Cable = 120 knots. 

R = 500 Ohms. I^= 

R' = 160 Ohms, 

Then there is given : 

p + z = 500, and y = 160 + «. 

Thus will be found : 

« = 170, and a? = ^^^^^^^^^ = 40-8 knots. 

500 

33. TEST FROM ONE END OF THE CABLE. 

a. Test by Copper-resistance, 

Where there is at the fault fuU connection to Earth, the 
copper-resistance in the length np is measured. Should this 
resistance be = r, whilst the resistance in the whole Cable, 
which has a length I, is before found = B, then the length 
r X I 



np IS = 



R 



h. Test by BUmer's Method. 
This method is used when, as generally happens, there is 
net at the fault /wK connection to Earth. To determine this 
fault with as much accuracy as possible, it is well to enlarge 
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time with a cliang> ^^| 

Cable is = B ; the ^fl 



the fanlt by charging the Cable for 
ing current from a strong Battery. 

The Copper-resistance in the faultless Cable is = E 
resistance in the Cable with fault and isolated at the 
is = K, ; and the resistance of the Cable with fault and with 
the end m connected to Earth is = K.j. 

The resistances in the lengths np and mp and in the fault 
are as before =y,z and j. 

Then there ia given : 
E =!, + « 
Bi = ? + 2 



I 



There now is found : 



+ 2 



- is the total teaistance ii 



= E, - 



g = E, - R - 
or E - « = E, - - 



(B.-H + ^ ) 



+ 3' ^ E, -E + 2 

Both sides of the equation multiplied with R^ — R -j- 2a j 
gives: 



«" + 2 (E. - E) « = - E' 

B = E-E.+ V"^ 

y = E - * = R, - V ET^ 



■E.E, + EE, + EE. 



Si R^ -^ E Ej - 
E,E, + EE, - 



EE, 
EB. 



The resistance in np being thus determined, the situation 
f the fault is found as before. 

EXAUPLE. 

Length of the Cable = 120 knots. 
E = 500 Ohms. 
E, = 400 Ohms. 
Bj = 379 Ohma. . 
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Then there is found : 



! 



lOs the length np is 



160, and s = 340. 
340 X 120 



500 



81-6 knots. 



e. TmI by Charge. 
If the fault is occasioned by a break in the copper-mre, 
whilst the India-rubber is quite sonnd, the situation of the 
tatilt is found by charging the Cable from one end, determin- 
ing the greatness of the charge, and dividing this nvimber 
with the known charge per knot of the Cable. 

TESTING AT LATmO OF A CABLE. 

34. Electrical Arrangement on Ship and on Shore. 

1. When on Ship (Fig. 9) /is depressed, the current goes 
from h througli k, b and the testing screw T of the Commu- 
tator into the Cable connected to the screw 0, and isolated in 
a Commutator at its other end on Shore. By opening the 
Short-current Key S.K, the current goes through the Galva- 
nometer with Shunt, and a deflection is obtained. 

The regular fall of the deflection indicates the good 
condition of the Cable ; by a lowering of Insulation the 
deflection will increase. 

By disconnecting T from, and connecting S to, the Cable, 
the ship is put in circuit for speaking. 

2. On Shore (Fig. lU) the Cable end is connected to a 
Commutator, and a clock causes the arm ji j to touch for 
some few seconds every tenth minute the button r, thereby 
charging the Condenser and at the same time giving a throw 
on the Ship Ualvanometer ; when the arm p q again touohi 
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the button /, the Condenser is discharged through the Shore 
Galvanometer giving a deflection on the scale. Instead of 
a Commutator, an ordinary Charge an.l Discharge Key may 
be used worked by hand. 

If the Insulation ia lowering the discharge will get smaller, 
and in the event of a loss of Continuify, or a total loss of 
InBulation, no charge of the Condenser and no discharge at 
all will be obtained. 

The ends of the Cable must always be kept dry and para- 
fined. 

If the Cable is permanently connected through a very 
hiffh Resietanee Rj and a Galvanometer Gj to Earth, Ship is 
able to signal at any time to Shore by either reversal or 
reduced tension, and Shore gets by this arrangement a perma- 
nent insulation and continuity test. For this resistance may 
be used a bar of selenium, or a plumbago line on glass, and 
a suitable Shunt is used to make the deflection on the Gal- 
vanometer scale of about 200 divisions. 

3. Both Ship and Shore have to be provided with a com- 
plete set of testing apparatuses, always kept ready for testing 
at any moment. h 

35. ImtrvctioTis for Testing on SJiip and on Shore. ^H 

1. On Skip, the Cable being connected to Galvanometer 

for Insulation-test, the deflection is read every minute and 

noted down. 

The Eesistance of the Battery and the Constant of the 

Galvanometer being determined, the Insulation readings for 

every 10 minutes are reduced in the ordinary way ia 

Megohms per knot. 
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2. Buf miut note the time wbeD tbe cooUooity-tlirovs 
from Shore occur, which will be aboat ererv tenth minate. 

8. Ship will reverse the Corrent eTcry hoar, ■whereby the 
diacharge-tlirons oq shore will also be rereised. 

4. Ship will reverse the Current 10 minntes before woo, 
and Shore will acknowledge this by pressii^ in the stud* 
three timen and bringing the arm p q in contact with r, 
thereby giving three kicks on the Ship Galvanometer. Ship 
then relL'asos T and depresses S, and Shore having on its 
Commutator released T' and depressed S', all will be in 
readineHS for speaking. Ship then gives Shore the time by 
sending a lot of dots, stopping at exactly twelve o'clodc 
Greenwich time. Ship sends any necessary information, bb 
distance run and miles [)aid out, as quickly as poasiblef 
always finishing by " insulate," which Shore station will iw 
niediately obey, both stations releasing S and S' and dft- 
pressing T and T, and bemg again ready for the InsuUtioi- 
test. 

5. ^At^ not to send any communications except those 
ordered by the chief Electricians and Engiueers. 

6. On Shore the Condenser is every tenth minute, eon** 
mencing at the full hour, connected through the aria pq and 
the button r of the Commutator for 10 seconds to the Cable, 
the charge abstracted from the Cable producing a throw w 
the deflection-scale on board ; the Condenser is instantly 
afterwards discharged through tbe shunted Galvanometer G' 
by the falling back of the arm pqto the button i. To maka 
this reading very accurate, it is important to make it as high 
ft9 possible. Shore muat multiply these readiuga with the 
value of the Shunt, and enter the true value of each reading. 
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f 7. At reversals at the foil hour eT:cept at noon Shore will 
■Oft alter any comiectiona, hut simply note time and amount 
If throw on the Galvanometer G' ; but at reversals not being 
bt the hour, Shore will depress the stud s three times and 
|cnn up for speaking, ready to receive messages from Ship. 

8. Shore to make no communications whatever, or ask any 
[oestiong, except in reply to demands from Ship. All infor* 
Dation demanded to be given with as few words as possible. 

9. Shore to keep a diary, in which the names of the 
dectrieian in charge and the clerk on duty are entered, bo 
that the responsible party for any time can be found. In the 
diary all observations must be recorded in full and timed. 

10. The testing room on Shore must be kept strictly 
|irivate, and no one admitted except on business. 

11. Should any loss of Insulation or any Fault occur, and 
Bbip, having carefully examined all connections, has found 
that the extra loss of current is due to the Cable, the current 
IB reversed, as a signal to Shore to join up for receiving 
messages, and if speaking is possible Ship may, for instance, 
direct Shore to remove end of Cable from the Commutator, 

loarefnlly retrim it and isolate it, that Ship may take another 

I ^isulation-test. 

> Should the Fault make specJdng iinpoBiihle, Ship and Shore 

' will proceed as ibllows : — 

Shore having joined up for speaking until the next full 
10 minutes, insulates for 10 minutes, puts to Earth for 10 
minutes, and continues to insulate and put to Earth altei^ 

ififttely every 10 minutes until the next lull hour. Shore 

rthen i^ain joins up 10 minutes for speaking, and commences 

Ugain to insulate and put to Earth alternately every 10 

II ^ 



1 

I 
I 
I 
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minutes untfl the nert fuU hour, and so on until signal is 
receired from Ship. 

12. From the day the eomfnunieoHon with the Ship ceases, 
Shore will hare daily to take two series of tests, each of 
twelye readings for Copper-resistance^ six with Zinc to Gable, 
and six with Copper to Cable, alternately. One series of 
these tests to be taken at 9 A.M., and the other at 6 p.m. 

13. Records of the tests made and results obtained are to 
be carefally kept both on Ship and Shore. 

14. The above reffvlaUons can only be modified by order 
from the Ship. The strictest folfilment is of the ntmoet 
urgency, and no excuse whatever for any neglect will be 
accepted. 

FORMULA. 

86. FOBMUL-ffi FOB THE CHABGE OF COEES. 

The Charge C per knot of a Core is determined by the 
following equation : 

E . f 

= c— -^, 

B log. -J 

\\\m^ ^ \n ^ x^im{M\U E is the electromotive force of the 
tUHf^Wi f fl»** \\^\\\^{\\ (tv knots of the Core, E the resistance 
|VV h\\\\ of \\\\' \m\\M\\r, 1> the diameter of the Core, and (J 

1r l\NV My'^^V < V4V, il\o ttillowiug numbers are given : 

X^ - 4^ « - mW M - *»»»**. <' - '^^^"y and if E is = 1 

HHvt I « »» lh*J4^ «» 1« - 6U. 
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The Charge C per Tcnot is then 

614 • 1535 



4000 log. ? log. 5 



Microfarads. 



The Charge C per Tcnot by ordinary QvMa-percha Core is 

found 

•1877 



log.? 



Microfarads. 



The Charge C per Tcnot at WiHoughhy Smith's QvMa^percha 
Core is found to be 

15163 ,,. ^ ^ 
= = Microfarads. 

37. FOEMUL^ FOE THE INSULATION OF COEES. 
The Insulation per knot at 75° F. is : 
At Hooper's Core .. =1*3 x log. -7 Megohms. 

At ordinary Gutta-percha Core= '077 x log. -r „ 

a 1 

D 

At WiUoughhy Smith's Core = • 035 x log. j „ 

where D is the diameter of the Core, and d the diameter of 
the Conductor, and where the first four figures of the loga- 
rithm is regarded as a whole number. 

The Insvlation per knot at 75° F. of a Core with a Strand 
Conductor, calculated hy weights, and not by diameters, is : 



/ W 

At Hooper's Core .. .. = 1*3 x log. /^ 1 + 5-7 — 
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At Willonghby Smith's) „„. , A r c o^ 

Gatt.-pe.^Jcore .. f = "035 X log. ^ 1 + 6-9 - 

where W is the weight of the Dielectric and w the weight of 
the Conductor, and where the first four figures of the loga- 
rithm is regarded aa a whole number. 



38. FOBMUL^ FOE THE SPEED IN CABLES. 
The Speed of working a Cal>le ia proportionate to : 

S 1 

r X C ' ™ i" X X »• ' 
where S is the specific conductivity of the copper, I the length 
of the Cable, C the Charge of the Cable per knot, and r 
resistance of the copper per knot. 

When the holes in the machine, in which the copper-wires 
are drawn out, are worn out, the diameter of the copper-wires, 
and consequently their conduetiYity will increase, and the 
speed of the Cable would also increase, if the charge did not 
generally increase at the same time, whereby the speed will 
be again diminisheil. 

When it is fixed, that the specific conductivity S shall be 

not lesa than 90 per cent., and the charge C not more than 

■44 Microfarad, then the speed through 1 knot of Cable will 

90 
be proportionate to ~^-^ = 205; and the charge may increase 

to -45 and -46 Microfarad, without the speed being altered, 
if the conductivity of the copper at the same time iucreases 



Qgth 
■the 

dres I 
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As the Charge of the Gore is inyersely proportionate 

D 
bo log. -^j and the resistance of the Copper is inversely 

proportionate to cP, where D is the diameter of the Core in 

nils, (or thousandths of an inch), and d the diameter of 

uhe Conductor in mils., the working Speed can be expressed 

by: 

d" (log. D — log. d) 



constant x 



P 



The Speed or number of words per minute is : — 
At Hooper's Core, with Morse's Apparatus : 

at Hooper's Core, with Eeflecting Galvanometer : 

yyPpi'(10g.D-10g.d). 

by Gutta-percha Core, with Morse's Apparatus : 

g3^^«PGog.D-log.d). 

by Gutta-percha Core, with Eeflecting G^vanometer : 

The obtained maximum speed is 50 per cent, higher than 
the above-named working speed. 

Example 1. — A Hooper's Core, with 300 lbs. Copper and 
200 lbs. India-rubber, or with d = • 145" and D = • 318", wiU, 
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by a distance of 900 nantical miles, give a speed with Morse's 
Apparatus of 

^^^ 145* (log. 818 - log. 146) ^ « ^ 

700 ^ ^ 2 1 - 6-2 words per minute. 

The maximnm speed will be abont 9 words per minute. 
With a reflecting or mirror Galyanometer, the speed will be 
11 X 6*2 = 68 words per minute. 

Example 2. — A Hooper's Core, with 180 lbs. Copper and 
180 lbs. India-rubber, or with d = • 110" and D = -290", will, 
by a distance of 350 nautical nules, give a speed with Morse's 
Apparatus of 

_^^110«(log.290-log.ll0) ^^ ^ 

700 ^ ^ orna = 29 words per nunute. 

ooO'* 

Example 3. — A Core with 200 lbs. Copper and 200 lbs. 
Gutta-percha, or with d = -119" and D = -335", will, by a 
distance of 400 nautical miles, give a speed with Morse's 
Apparatus of 

530 119' (log- 336 -log^) ^ 2j ^^ ^^^ 

400^ 

Example 4. — A Core with 300 lbs. Copper and 400 lbs. 
Gutta-percha, or with d = -147" and D = -467", will, by a 
distance of 1857 nautical miles, as the Atlantic Cable of 
1866, give a speed with a reflecting Galvanometer, or the 
mirror system, of 

1.00^1472 (log. 467 -log. 147) ,q.q a 

5830 ^ ^ ^^^„^ — 2 1 =18-3 words per mmute. 

18572 ^ 

The maximum speed obtained with this Cable is 25 words 
per minute. 
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9. FOEMUL-ffl FOE THE WEIGHTS OF CONDUOTOB 

AND INSULATOB. 

le weight per knot of a copper-wire is = ^ lbs., where d is 

the diameter of the wire in mils, (thousandth parts of an 

inch). 

{P 
16 weight per knot of a copper strand is = ffTrrA lbs« 

ae weight per knot of India-rubber is = ^.^ lbs., where 

D is the diameter of the Clore, and d the diameter of the 
Conductor in mils. 

be weight per knot of Gutta-percha is = ... • 

XAMPLE. — A Gutta-percha Core is required, which has the 
same charge and the same weight of copper as an India- 
rubber Core with the weight per knot of 300 lbs. copper 
and 200 lbs. India-rubber. What is the weight of Gutta- 
percha per knot ? 

be charge of the India-rubber Core is found before to be = 

•45 Microfarad, 
hen we haye : 

• 45 = '^^^p ; log-T^ = -417; D = -379"; 

55 

he weight of Gutta-percha is : 

D2-da .3792^.1452 
, ■ -191-=^ j^— = 2601bs. 
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40. FORMTJLiE FOB THE DIAMETERS OF C0BE9. 

The outer diameter D in mils, of a Gutta-percha Core, of 
which the strand conductor weighs e lbs., and the Gutta- 
percha J lbs. per knot, is : 



D = V ex 70-4 + ^x491. 

The outer diameter D in mila, of an India-rubber Core, of 
which the conductor weighs o lbs. and the India-rubber i lbs. 
per knot, is: 

D= ■s/ex 70-4 + .-X401. 

Example. — If at a Gutta-percha Core the copper stranJ 
weighs 200 lbs. and the Gutta-percha 200 lbs. per knot, 

then: 

d = VaOOx 70-4 = U9,and 
D = V^OOx 70-4 + 200 X iSl = 335. 

When the Dielectric has the same weight as the Con- 
ductor, or when w = W, then : 



\/l + 6 



D _ Vm X 70-4 + W X 491 

<* ~ VVx 70-4 

D = 2-82 X rf= 2-82.119 = 335. 

41. FORMULA FOR THE DIAMETES3 OF OABLIS. 
The outer diameter D of a bright iron Cable (a Cable 
without an outer covering) with n wires, each wire with a 
diameter d, is : 

1 + 
D = d . 
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The inner diameter D' of the iron covering at the Cable is : 

- . 180 
1 — sin, 



. 180 

sm. 

n 



ExAMPTiE. — ^At a cable with 12 wires, No. 8, each with a 
diameter of • 165" : 

D = -166" X ' + ^-^'° = ^ml±^^^^= -802" 
^ sin. 15° -258819 

■r\i t/%fit 1 ~~ *25ool9 Mrtr\i, 

^•=-^^^"^ .258819 ='^^^ 



3588^5 k 



IS. 
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CEHFEIBATUBE COEPFICIENT FOR CALCDIATING THE DIELBC- 
TBIO KEBI8TANCE OF HOOPER'S IN'DIA-KUBBEB AT 75° F. 
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TABLE III. 

TEMPERATUBE COEFFICIENT FOB CALCULATING THE DIE- 
LECTBIC BESISTANCE OF OBDINARY GUTTA-PEBCHA 

AT 750 F. 
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TABLE IV. 

PERATURE COEFFICIENT FOR CALCULATING THE DIE- 
LECTRIC RESISTANCE OF WILLOUGHBY SMITH'S 
GUTTA-PERCHA AT 75° F. 
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Link-Motion and Expansion- Gear practically considered, by N. P. 
Burgh, Engineer, illustraUd •with 90 plaUs and 239 wood \ 
engravings, small 4to, handsomely half-bound ii 

lechanical Engineering:. 

The Mechanician and Constructor for Engineers, comprisii^ 1 
Forging, Planing, Lining, Slotting, Shaping, Turning, Screw 1 
Cutting, 5;c., by Cameron Knight, illustrated by 96 4to plates, f 
containing 1 147 illustrations, anil 397 pages of letterpress^ 4I0, I 
half-nr -' - ' -" 



Mechanics, 

The Essential Elements of Practical Mechanics, based on the prin- 
ciple of workj designed for Engineering Students, by OLIVER 
Byrne, formerly Professor of Mathematics, College for Civil 
Engineers, second edition, illustrated by numerous wood eugraif- 
ings, post 8vo, cloth, 7J. bd. 

:etric Weights and Measures. 

Scales for the Ready Comparison of British and Metric Weights- 
and Measures, by A. L. Newdigate, M.A., in neat cloth cas 

Ifilitary Terms. 

A Handy Dictionary of Military Terms, by Major W. W. KNOLLTSj,. I 
F.R.G.S., 93rd Sutherland Highlanders, Garrison Instructor, HonH^ I 
District, &c., tSmo, cloth, -is. 

BSjU Gearing. 

A Practical Treatise on Mill Gearing, Wheels, Shafts, Riggers, &C.» ! 
for the use of Engineers, by THOMAS Box, post Bvo, cloth, with ■ 
eigA/ plates, jj. 

REiU Work. 

Buchanan's (R.) Practical Essays on Mill Work and other ^ 
Machinery, with examples of tools of modern invention, and Supple- 
ment, edited by T. Tredgold and G. Rennie, SSpiatet, 3 vols., 
royal 8vo, cloth, 21s. 




10 CA TALOGVE OF SCIENTIFIC BOOKS. 

Millwright's Ouide. 

The Practical Millwright's and Engineer's Ready Reckoner, of 
Tables for Anding the diameter and power of cog-wheels, diametert 
weight, and power of shafts, diameter and strength of bolts, &c., by 
Thomas Dixos, third edition, i2mo, cloth, zs. 

Uine Engineering. 

A New Edition of a Practical Treatise on Mine Engineering, by 
G. C. Greenwell, F.G.S., Colliery Viewer, Member of the Ntirth. 
of England institute of Mining Engineers, &c., fitc, &c, contaiHutg" 
6\ coloured plates draivn to a large scale, and 2^'^ pp. ef letterpress, 
imp. 4to, handsomely half-bound in morocco, zl. i^s. 

Mining. 

Records of Mining and Metallurgy ; or, Facts and Menrioranda for 
the Use of the Mine Agent and Smelter, by J, Arthur Phillips 
and John Darlington, in crown 8vo, cloth, illustrated with 
wood engravings, 4J. 

Narrow Gauge Railways. 

Narrow Gauge Railways, by C. E, Spooner, C.E., F.G.S., iilus- 
tratedwilh i^ folding plates, 8vo, cloth, lif. 6rf. 



Copy of Paper read at the " Invenlara' Inslilule" on Narrow Gauge 
Railways — The Festiniog Railway — Experimenl on the Fesliniog Railway 
— Captain Tyler's Report — The Railways of the Future — Advantages 
gained by Norrtiw Gauge Railways — Railway Gauges— Narrow Gauge 
Rolling Stock — Battle of the Gauges — Indian Railway Gauges and 
RoUing Stock, &c 

Outpost Duty. 

Practical Lessons in Reconnoitring, Outpost Duty, &c., suggested 
by the kte Autumn Manceuvres, Nos. i and 2, each \s. dd. 

Perpetual Motion, 

Perpetuum Mobile ; or. Search for Self- Motive Power during the 
17th, iSth, and igih centuries, illustrated from various authentic 
sources in papers, essays, letters, paragraphs, and numerous patent 
specifications, with an Introductory Essay byHENRV Dircks.C.E, 
with numerous engravings of machines, crown 8vo, cloth, lar. 6rf. 

Ditto, Ditto, Second Scries, with numerous engravings and 
portraits, crown Svo, cloth, iQf. 6d. 

Railway CrosBinga. 

Switches and Crossings ; Formula; for ascertaining the Angles of 
Crossings, the Lengths of Switches, and the Distances of the Points 
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of the Crossings and the Heels of the Switches from the Springin|^ 
of the Curve, by W. DONALDSON, M,A., A.I.C.E., author of'.' 
Treatise on Oblique Arches,' ptales, 8vo, cloth, ioj'. 61/. 

JIaBervoira. 

On the Construction of Catch-water Reservoirs in Mountain DistrictSj J 
I for the Supply of Towns or for other purposes, by C. H. BELOK, T 

author of the Handbook of the Liverpool Waterworks, plates, 8vo, I 
L cloth, IS. 

peservoira. 

On the Designing and Constructing of Storage ReservoirSj by ] 
j Arthur Jacob, B.A., folding plates, 8vo, stiff wrapper, w. 

detaining Walla. 

A Treatise on Retaining Walls, by J. S. Tate, C.E., 8vo, sewed, M. I 

Sopemaking. 

A Treatise on Ropemaking as practised in public and private Rop&- 1 

I yards, with a Description of the Manufacture, Rules, Table ofl 
Weights, &c., adapted to the Trade, Shipping, Mining, Railways, T 
Builders, &c,, by R. Chapman, foraierly foreman to Messrs. 1 
Huddart & Co., Limehouse, and late Master Ropemaker to H,M. 
Dockyard, Deptford, second edition, iznio, cloth, 3J. 

'Sanitary Engrineermg. 

Sanitary Engineering, a Guide to the Construction of Works of^ 
Sewerage and House Drainage, with Tables for facilitating the J 
Calculations of the Engineer, by BALDWIN LATHAM, C.E., Mem. .1 
Inst. C.E., Past President of the Society of Engineers, numerotu 1 
engravings, 8vo, cloth, il, lar. 

Sewage. 

A Handbook of Sewage Utilization, by Ulick Ralph Burke, M.A., j 
Barrister-at-Law, crown 8vo, cloth, SJ. 6rf. 

This work treats I. r Of the evils of the present system of Sewage Trei 
ment, the Pollution ofWater, and the Waste of Manure. II. Remedies, 
Privy, and Ash-pit j Eureka System ; Milaji, Goul, and Moule's Systems. 
IIL Treatment of Sewage by Chemical means. Experiments with Lime ; 
Lime and Chloride of Iron; Sulphate of Ammonia; Holdea's Process; 
Sulplmte of Alumina ; Persalts of Iron ; Blyth, Lenk, Phosphate, ABC, 
Scott, and Hille Processes ; FiltTation. IV. Irrigation. With an Appendix, 
including the Law relating to Sewage Uliliiation. 
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Sewage. 

The Sewage Question ; on the Treatment and Utiliialion of 
Sewage, the Preparation of Land for Irrigation, and for Intermittent 
DowDward Filtration, by J. Bailey DENTON, M. InsL C.E., F.G.S,, 
8vo, sewed, is. 

Silver Mines. 

Vaieeri Rupi, the Silver Country of the Vazeers, in Kulu ; its 
Beauties, Antiquities, and Silver Mines, including a trip over the 
lower Himalayah range and Glaciers, by J. Calvert, F.G.S., Mem. 
Inst. C.E., illMiiraUd with a map and coloured plates, 8vo, doth, 
i6r. 

Slide-Valve. 

The Slide-Valve, practically considered by N, P. Burch, Engineer, 
third edition, coHlaining 88 illustrations, and 121 pages of letter- 
press, crown 8vo, cloth, y. 

Speciflcations. 

Practical Specifications of Works executed in Architecture, Civil 
and Mechanical Engineering, and in Road Making and Sewering ; 
to which are added a scries of practically useful Agreements and 
Reports, by John Blenkakn, -with \ifolding piates,^yo, cloth, i&r. 
List of Plates. 

9 Details of Ironwork. 



Details of Ironwork, Piling, &c 

11 Section of Artesian Well. 

12 Elevation and Section of Wrougtt- 

Iron Bridge. 

13 Plan, Elevation, a.nd Section of 

Wrought-Iron and Brick Bridge. 

14 Section and Flan of Engine and 

Engine House. 

15 Elevation of Timber Bridge. 



1 Elevations and Plana of Cottages 

at Bunet. 

2 Elevations and Plans of Houses at 

Maidstone. 

3 Elevation and Section of \^la at 

East Cowes. 

4 Ground and First Floor of Ditto. 

5 Elevation of Villa at Eaal Cowes. 

6 Ground and Firat Plan of Ditto. 

7 Details of Sewer Work. 

8 Details of Ironwork, Pding. 

Steam Boilers. 

New Work on Boiler Engineering, complete in 20 parts, IQ at jr., 
and I at 6^., or handsomely half-bound morocco, cloth sides, 
3/. ijr. 6rf., a Practical Treatise on Boilers and Boiler Making, by 
N. P. Burgh, Mem. Inst. Mech. "E/a.^., illustrated with numerous 
■wood engravings and plates of working drawings, 3/. 13J. 6rf. 

Steam Engine. 

Modem Marine Engineering applied to Paddle and Screw Propul- 
sion i consisting of -^b plates, 259 wood engravings, and 403 pages 
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CATALOGUE OF SCIENTIFIC BOOfCS. 13 

of descriptive matter, the whole being an exposition of the present 
practice of the following linns : — Messrs, J, Peim and Sons ; 
Maudslay, Sons, and Field ; James Watt and Co. ; J. and G. 
Rennie ; R. Napier and Sons ; J. and W. Dudgeon ; Ravcnhill and 
Hodgson ; Humphreys and Tennant ; Mr. J. F. Spencer ; and 
Messrs. Forester and Co., by N. P. BUKGH, Engineer, 4(0, cioth, 
21. ss. 

Steam Engine. 

Modem Compound Engines, being a Supplement to Modem 
Marine Engineering, by N. P. Burgh, Mem. Inat. Mech. Eng., 
demy 4(0, cloth, i&t. 

The following firms liave contributed Working Drawings of their best 
and most modern examples of Engines fitted in the Royal and Mercantile 
Navies: — Messrs. Maudslay, Rennie, Watt, Dudgeon, Humphreys, 
Ravenhilt, Jackson, Perkins, Napier, Elder, Laird, Day, AUibon, and 

Steam Engine. 

Practical Treatise on the Condensation of Steam ; contained in 
262 pages of letterpress, and illustrated with 212 engravings, by 
N. P. Burgh, Engineer, super-royal 8vo, cloth, 25J. 

Steam Engine. 

A Pocket-book of Practical Rules for the proportions of Modem 
Engines and Boilers for Land and Marine purposes, by N, P, 
Burgh, 4th edition, with Appendix, royal 3zmo, roan, 4j. bd. 

Details of High-pressure Engine, Beam Engine, Condensing, Marine 
Screw Engines, Oscillating Engines, Valves, &c., Land and Marine Boilers, 
Proportions of Engines produced by the rules. Proportions of BoQets, Ac 

Steam Engine. 

Practical Illustrations of Land and Marine Engines, showing in 
detail the modem improvements of High and Low Pressure, Surface 
Condensation and Superheating, together with Land and Marine 
Boilers, by N. P. Burgh, Engineer, 20 plates in double elephant, 
folio, cloth, 2/. 2j. 

Steam Engine. 

Notes on the Theory of the Steam Engine, being part of a course 
of instruction in the subject, given in the Royal School of Naval 
Architecture and Marine Engineering, by JameS H. Cotterill, 
M.A., Vice- Principal of the Koyal School of Naval Architecture 
and Marine Engineering, 8vo, sewed, jt. 
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Strenglih of Beams. 

On the Strength of Beams, Columns, and Arches, considered with 
\ a view lo deriving methods of ascertaining the practical strength of 

any given section of Beam, Colwran, or Arch, in Cast Iron, Wrought 
Iron, or Steel, by B, Baksr, numerous cuts, crown Svo, doth, 9J, 

Strength of Beams. 

New Formulas for the Loads and Deflections of Solid Beams and 
Girders, by William Donaldson, M.A., Assoc. Inst. C.E., Svo, 
cloth, 4x. bd. 

Sugar. 

The Practical Sugar- Planter ; a Complete Account of the Cultivation 
and Manufacture of the Sugar-cane, according to the latest and 
most improved processes, describing and comparing the dif&rent 
systems pursued in the East and West Indies, and the Straits of 
Malacca, and the relative expenses and advantages attendant upon 
each, being the result of sixteen years' experience of a sugar-planter 
in those countries, by LEONARD Wrav, Esq., iviih numerous 
illustriUions, Svo, cloth, tot. fid. 

Sugar Machinery. 

A Treatise on Sugar Machinery, by N. P. BURGH, Engineer, with 
\(i plates, drawn to a large scale, royal 4to, cloth, yas. 

Sulphuric Acid. 

The Chemistry of Sulphuric Acid Manufacture, by Henry ArthOB 
Smith, cuts, crown Svo, cloth, 4J, 6rf. 

Surveying. 

The Principles and Practice of Engineering, Trigonometrical, 
Subterraneous, and Marine Surveying, by CHARLES Bourne, C.E., 
third edition, numerous plates and ■woodcuts, Svo, cloth, jj. 

Surveying. 

A Practical Treati5e on the Science of Land and Engineering 
Surveying, Levelling, Estimating Quantities, &c., with a general 
description of the several Instruments required for Surveying- 
Levelling, Plotting, &c,, by H. S. Merrett, \\ fine plates, -with 
illustratioHS and tables, royal Svo, cloth, lis. dd. 

Table of Logarithms. 

Table of Logarithms of the Natural Numbers, from i to 108,000, 
by Charles Babbage, Esq., M.A., stereotyped edition, royal Svo, 
cloth, ^s. bd. 
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Tables of Squares and Cubes. 

Barlow's Tables of Squares, Cubes, Square Roots, Cube Roots, 
Reciprocals of all Integer Numbers up to 10,000, post 8vo, 6j. 

Teeth of Wheela. 

Camus (M.) Treatise on the Teeth of Wheels, demonstrating the 
best forms which can be given to them for the purpose of Ma- 
chinery, such as Millwork and Clockwork, and the art of finding 
their numbers, translated from the French, third edition, carefuUy 
revised and enlarged, with details of the present practice of Mill- 
wrights, Engine Makers, and other Machinists, by ISAAC HAWKINS, 
illustrated by i&platei, 8vo, cloth, 5J. 

Telegraphy. 

Journal of the Society of Telegraph Engineers, including original 
Communications on Telegraphy and Electrical Science, edited by 
Major Frank Bolton and G. E. Prbece. Parts I., II., 
and III., demy 8vo, sewed, wltk wood engravings, ^s. each. To be 
continued quarterly. 

Torpedo Warfare, 

A Treatise on Coast Defence ; based on the experience gained by 
Officers of the Corps of Engineers of the Army of the Confederate 
States, and compiled from Official Reports of Officers of the Navy 
of the United States, made during the North American War from 
1861 to 1S65, by Von Scheliha, Lieutenant- Colon el and Chief 
Engineer of the Department of the Gulf of Mexico, of the Army of 
the late Confederate States of Araerica ; •with numerous fine plates., 
imperial 8vo, elegantly bound in cloth, top edge gilt, 15J., or with 
the plates coloured, 3ar. 

Trevlthick. 

The Life of Richard Trevithiclc (Inventor of the High-pressure 
Steam Engine), with an Account of his Inventions, by Francis 
Trevithick, C.E,, 1 vols., medium 8vo, cloth, illustrated by a steel 
fortraU, lithographs, and numerous beautiful -wood engravings, 
including many accurate illustrations of Cornwall, its Mines, and 
Mining Machinery, il. its. 

Turbine. 

A Practical Treatise on the Construction of Horizontal and Ver- 
tical Water- Wheels, with eleven plates, specially designed for the 
use of operative mechanics, by William Cullen, Millwright and 
Engineer, second edition, revised and enlarged, sniaU 4to, cloth, 
12s. 6d. 
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Turning. 

The Practice of Hand-turning in Wood, Ivory, Shell, &c,, \ 
Instructions for turning such work in Metal as may be required ii 
the Practice of Turning in, Wood, Ivory, &.c. ; also an Appendix on 
Ornamental Turning, by Francis Campin, second edition, ■with 
wood engravings, crown Svo, cloth (a book for beginners), 6j. 

Valve Oears. 

Treatise on Valve Gears, with special consideration to the Link- 
Motions of Locomotive Engines, by Dr. Custav Zeuner, third 
edition, revised and enlarged, translated from the German, with 
the special permission of the author, by MoRiTZ Mullkr, plates, 
8vo, cloth, 12J. bd. 
Ventilation. 

Health and Comfort in House Buiidtng, or Ventilation with "Warm 
Air by Self-acting Suction Power, with Review of the mode of 
calculating the Draujjht in Hot-Air Flues, and with some actual 
Experiments, by J. DrySDALE, M.D.,and J, W. Havward, M.D., 
demy Svo, with plales, cloth, js. 6d. 

Weight of Iron. 

Tabulated Weights of Angle, T, Bulb, and Flat Iron, for the use 
of Naval Architects and Shipbuilders, by Charles H. Jordan, 
M.I.N.A., i8mo, sewed, is. bd. 

Wood-working: Factories. 

On the Arrangement, Care, and Operation of Wood-working Fac- 
tories and Machinery, forming a complete Operator's Handbook, 
by J. Richards, Mechanical Engineer, wocflfcK/j, crown Svo, cloth. 

Wood-working Machines. 

A Treatise on the Construction and Operation of Wood-working 
Machines, including a History of the Origin and Progress and 
Manufacture of Wood-working Machinery, by J. RICHARDS, M.E,, 
crown 4to, cloth, with numerous wood engravings, il. SJ. 

Workshop Beceipts. 

Workshop Receipts for the use of Manufacturers, Mechanics, and 
Scientific Amateurs, by Ernest Spon, crown Svo, cloth, Jj. 

Yachts. 

Yachts and Yacht Building, being a Treatise on the Construction 
of Yachts and other matters relating to Yachting, by P. R. Marett, 
second edition, enlarged, illustrated -with 12 folding plates, demy 
Svo, cloth, ins. dil. 



